This study examined the 7-day prevalence of low-back pain (LBP; i.e., pain within the preceding week of the survey) and identified associated factors, including working posture, for a population of fishing net assembly workers. LBP is a serious problem in manual work with high prevalence and affects worker absenteeism. A cross-sectional survey study was conducted among textile fish net industrial workers using a structured questionnaire (hand delivered by researchers and independently completed by workers). The 7-day prevalence of LBP in this study was 68.6% (95% confidence interval [CI]: 65 to 72%). Work factors significantly related to LBP included prolonged standing and walking. Workers 35 years old or greater were significantly more likely to experience LBP within the past 7 days preceding the survey than were those 34 years old or less (adjusted odds ratio [ORadj] = 4.9; 95% CI: 2.4 to 10.3; p = .0001). Other significant factors associated with LBP included posture position, specifically stooping (ORadj = 1.6; 95% CI: 1.0 to 2.3; p = .033), lifting (ORadj = 1.6; 95% CI: 1.1 to 2.4; p = .025), and high concentration jobs (ORadj = 1.9; 95% CI: 1.3 to 2.7; p = .001), respectively. LBP among textile fish net workers is a serious problem meriting ergonomic evaluation and design of control measures for reducing worker exposure to risk factors. Work characteristics were more significantly associated with LBP than were individual characteristics. Factories need to consider adjusting work conditions to prevent worker low-back injuries. C 2012 Wiley Periodicals, Inc.
INTRODUCTION
Textile fishing net manufacturing is one of the major industries in Southeast Asia, including Khon Kaen province in Thailand. Textile fishing net workers are frequently exposed to repetitive movements, twisting, stooping, awkward and prolonged postures, and pro- longed concentration in work tasks. Previous research has indicated that such work characteristics are likely to be risk factors for developing low-back pain (LBP) (Bernard, 1997; Marras, Davis, & Jorgensen, 2003; Solomonow et al., 2003; Spengler et al., 1986) . Loading of the spinal column, and internal and external forces (Marras, 2000) are generated by these activities, which eventually can lead to spinal structure damage and LBP (Deyo & Weinstein, 2001) . Back pain can also occur due to multiple individual characteristics, such as age (Pope, Goh, & Magnusson, 2002) , gender (Hooftman et al., 2009; Lagasse, 1996) , fitness (Burton, 2005) , and so forth, and these demographics may interact with work environment factors, which makes it difficult to identify the specific causes of LBP in each individual. Consequently, knowledge of the prevalence of LBP and associated risk factors is important basic information that can provide practical guidance for minimizing worker exposure to risk factors and preventing LBPs.
In general, epidemiological reports on LBP among textile fishing net workers are limited. One study reported by Keawduangdee et al. (2010) found the prevalence of LBP within 7 days preceding the survey to be 36.28%; in the previous 12 months, LBP was reported to occur in 46.65% of respondents. Related to this finding, worker absence in the past 12 months due to LBP was reported as 27.51%. Unfortunately, the authors did not report the association between LBP incidence and individual factors or work-related factors for the target population.
The objectives of the present study were to: (1) examine the 7-day prevalence of LBP among a population of textile fishing net assembly workers; and (2) identify work factors, including posture positions, associated with the occurrence of LBPs in fishing net factories. Results were expected to identify significant individual risk factors among workers as well as ergonomicsrelated factors in the textile industry and other industries with similar characteristics as a basis for ergonomic interventions and prevention of LBP.
MATERIALS AND METHODS

Participants and Procedures
A cross-sectional survey was conducted on a large sample of fishing net textile workers in factories in Khon Kaen province during the period from February to April, 2010. Individuals were randomly invited to participate in the study by face-to-face communication. The minimum necessary sample size for the study for reliable estimation of the proportion (p) of the worker population experiencing LBP was based on a 95% confidence interval (CI). A pilot study revealed that 36% of textile industry workers experience some form of LBP. Using a precision in estimation of 10% and the sample size calculation formula for an approximately infinite population (Chirawatkul, 2009 ), the necessary sample was calculated to be n = 683.
The survey was hand delivered to each worker with an invitation letter and information about the study. Workers completed the questionnaire independently, and researchers made appointments a few days later to return to collect the questionnaires. The Human Ethics Committee of Khon Kaen University (KKU) approved the study protocol.
Questionnaire and Inclusion Criteria
The questionnaire we developed for worker selfadministration included three subsections: (1) individual health profile; (2) 7-day prevalence of LBP; and (3) work-related factors in LBP. The questionnaire was made up of short answer questions and checklists for subject convenience. Items in the section regarding individual health profile were based on a literature review of existing health profile questionnaires (Burton, 2005; Felix et al., 2005; Forgelholm and Alho, 2001; Pope et al., 2002; Snook, 2004) . They included age, gender, body weight, body stature, cigarette smoking, level of exercise, underlying diseases, shift work, average number of working hours per day, and additional occupations.
The section regarding 7-day LBP included a body part chart and question from the Standard Nordic Questionnaire (Saetan et al., 2007; Thai version) . The question was phrased as, "Have you had trouble at any time during the last 7 days?" Participants provided a "yes" or "no" response.
The section regarding work-related factors was developed based on a literature review covering reaching, prolonged standing and walking, prolonged sitting, prolonged floor sitting, high concentration during work tasks and pushing and pulling tasks, and association with the occurrence of LBPs (Hoogendoorn et al., 2002; van Vuuren et al., 2007) . Direct observation of workers in local factories was also made as a basis for identifying candidate work factors in LBPs and for inclusion in the survey. Finally, the Dutch Musculoskeletal Questionnaire (DMQ) was referenced for additional items (Hildebrandt et al., 2001) .
The criteria for inclusion of respondents in the affected proportion estimate in this study were those persons reporting musculoskeletal disorder symptoms in the area between the 12th rib and gluteal folds (see cross-hatched area in Figure 1 ) with symptoms persisting at least 24 hours. This definition has been used in multiple prior investigations (Skljarevski et al., 2010; Wai et al., 2010; Walker & Williamson, 2008) .
With respect to the second objective of the study, those work-related factors considered for association with worker LBP included repetitive twisting during work; repetitive stooping, reaching, prolonged standing and walking; prolonged sitting; prolonged floor sitting; high concentration during work; whole body vibration; pushing and pulling; and lifting. These factors were primarily selected based on the contents of the DMQ developed by Hildebrandt et al. (2001) . Although there may be other work-related factors that play a role in LBPs, those surveyed and analyzed here were supported by the literature and identified based on pilot research as being most common in textile fish net manufacturing.
The validity of the questionnaire for assessing LBP prevalence and identifying predictive factors was assessed based on testing with five experts from the Faculty of Associated Medical Sciences and the Faculty of Public Health at KKU. Additionally, worker understanding and ease of use of the questionnaire were assessed with a preliminary sample of 30 textile workers. Subsequently, the content and format (sequence of questions) was adjusted for clarity and logical flow before administration to the participant population.
Data Analysis
Statistical analyses were conducted using the STATA program (version 10; STATA, College Station, TX). Frequencies and percentages were determined for the categories of the nominal individual characteristics (e.g., gender). Means and standard deviations were determined for the continuous variables including age, weight, height, and body mass index (BMI).
Contingency tables were used to identify significant demographic and work-related characteristics in the 7-day prevalence of LBP. Chi-square tests were used for comparison of proportions among the demographic categories and work-related characteristics.
A multiple logistic regression analysis was performed using a backward stepwise elimination procedure to identify significant work-related characteristics in a model of 7-day prevalence of LBP. Work factors associated with the 7-day prevalence of LBP at the significance level (p value) of .20 were considered candidates in the initial multiple logistic regression. Subsequently, univariate analyses were conducted on each candidate work factor considering specific settings of significant demographic variables (e.g., age less than 35 years).
RESULTS
Demographic Profile of Respondents
In total, the study survey was distributed to 927 workers. Complete questionnaires were returned by 637 workers (response rate of 68.72%): 477 females (74.88%) and 160 males (25.12%). It is important to note that the majority of workers in the textile fishing net assembly industry in Thailand are female. The mean age of respondents was 34.44 (standard deviation = 8.17) years. It was found that 122 workers (19.15%) were overweight with a BMI of 25-29.99 kg/m 2 , and 24 workers were obese (BMI ≥ 30 kg/m 2 ). It was revealed that only 81 workers (12.72%) were current smokers and 305 workers (47.88%) did not previously exercise. Among all workers, 434 (68.13%) graduated from secondary school or lower levels. Approximately 62% of workers were employed less than 5 years. Most workers (75.51%) worked more than 8 hours per day.
Prevalence of LBP According to Demographic Variables and Work Factors
The 7-day prevalence of LBP in this study was 68.60% (95% CI: 65 to 72%). It was revealed that the 7-day prevalence of LBP was stratified according to the individual health profile variables (see Table 1 ) and workrelated characteristics (see Table 2 ). To determine the simple effects of the demographic variables on the prevalence of LBP, we used contingency tables and Chisquare tests. Results revealed the prevalence of LBP to be significantly higher for the age group 35 years old and older (73.57 vs. 63.46%; p = .0062), in workers with 5 or more years of employment (74.38 vs. 65.06%; p = .0139), and in workers working more than 8 hours per day (71.93 vs. 58.33%; p = .0015) ( Table 1) . With respect to the work-related characteristics, the prevalence of LBP increased with the presence of (or worker exposure to) all surveyed factors and reached statistical significance at the p < .0001 level (see Table 2 ). The greatest absolute differences in proportions occurred for exposure to stooping, prolonged standing or walking, and lifting. When stooping was a work characteristic, ∼22% more respondents suffered from LBP within the past 7 days, 32.3% more workers experienced LBP when required to stand and walk during work, and ∼21% more respondents had LBP when required to perform lifting tasks.
Role of Work-Related Factors in LBP for Specific Demographic Groups
Based on the multiple logistic regression analysis, standing and walking during working, stooping, lifting, and high concentration jobs all proved to be predictive of LBP occurrence based on the backward elimination procedure (with p < .20 for predictors entering the model). Table 3 presents the results of the univariate logistic regression analyses for these significant work factors when considering specific subgroups of textile workers based on significant demographic variables. The table identifies the percentage of workers among the sample experiencing LBP within the past 7 days depending on exposure to particular work factors. The table also provides the odds ratios (OR; based on the association of each exposure with each outcome), adjusted OR (OR adj , the OR accounting for other confounding factors considered in the study), the CI on the adjusted ratios, and significance levels.
There was a significant interaction of worker age with the work factor of standing or walking in LBP occurrence (p = .0001, Table 3 ). That is, age group was an effect modifier on the association between standing and walking with the occurrence of LBP. Results indicated that workers younger than 35 years, who worked while standing and walking, were 4.9 times more likely to experience LBP within the last 7 days than were those who did not (95% CI: 2.40 to 10.30). On the contrary, among workers 35 years old or older, the corresponding OR adj was 1.71 (95% CI: 0.9 to 3.4; p = .121). The effect of age and other individual characteristics were not modifiers in relation to stooping, lifting, and high concentration with LBP in jobs (only for standing and walking). Work involving stooping had a significantly higher rate of reported LBP (Or adj = 2.7; 95% CI: 1.0 to 2.3; p = .033). Similarly, work involving lifting and high concentration had significantly higher proportions of LBP (OR adj = 1.6; 95% CI: 1.1 to 2.4; p = .025; OR adj = 1.9; 95% CI: 1.3 to 2.7; p = .001). 
DISCUSSION
The current study estimated the prevalence of LBP among textile fish net manufacturing workers occurring within the previous 7 days and investigated the relationship between the 7-day prevalence of LBP with individual factors and work characteristics. In general, the load-tolerance relationship explains the possibility of physical work resulting in LBP. Marras (2000) stated that external and internal forces, which include gravity acting on the object carried and forces generated by muscle activity, respectively, can generate the load on the spine. The structure of spine is affected by loads in three force directions, including compression, shear, and torsion, and microfractures may occur with excessive loads leading to symptoms of pain.
Our results revealed the 7-day prevalence of LBP to be high among the fish net assembly workers (68.6%) and that significant individual factors included age and employment period (job experience). Specifically, this study showed LBP prevalence to be significantly higher in workers 35 years old or older. This finding is consistent with those of previous studies (Adams, Mannion, & Dolan, 1999; Waxman, Tennant, & Helliwell, 2000) indicating greater susceptibility to LBP with age. One explanation is that the back structures, especially the intervertebral disc(s), degenerate with age (Althoff et al., 1992) . Although the majority of fish net assembly workers in this study were female, there was no significant association of gender with LBP for the study. The finding is inconsistent with those of previous studies (Gilgil et al., 2005; Nagasu et al., 2007) revealing gender effects in LBP. This may due to the fact that the mean age for the study was relatively young compared with that in the previous investigations. Future studies of middle-aged and older fish net manufacturing workers are needed to verify gender differences in LBP with age.
In our survey, employment period was a significant factor in LBP with higher prevalence for persons with 5 years or more experience. Seniority of workers was associated with LBP; this association was in conformance with the existing literature (Lallahom et al., 1990; Troussier et al., 1993; Valat et al., 2000) . Bejia et al. (2005) found the prevalence of LBP in workers with a seniority of less than 5 years and more than 15 years to be 15.3% and 42.3%, respectively. In the current study, the prevalence of LBP in workers having less than 5 years experience and 5 years or more experience were 65.1% and 74.4%, respectively. There are two possible explanations for these findings. First, LBP in the Bejia et al. study was defined as having pain in the lower part of the back with symptoms lasting for at least 3 months, whereas the definition of LBP in the present study was reporting pain in the area between the 12th rib and gluteal folds with symptoms persisting at least 24 hours within the past 7 days. Second, the respondents in the Bejia et al. study were hospital staff, who generally may have a lower rate of LBP and disability than do industrial manufacturing workers. In the present study, we surveyed textile fish net manufacturing workers subjected to high physical workloads on a regular basis.
The first work-related characteristic associated with LBP occurrence was the length of the workday. Persons working more than 8 hours a day showed higher prevalence of LBP. To our knowledge, this is the first study to demonstrate an association between long working hours and LBP in textile fish net manufacturing. Regarding other work characteristics, multiple logistic regression was used to identify significant factors while controlling for potential confounding effects of individual variables. Results revealed work characteristics associated with the 7-day prevalence of LBPs to include standing and walking during work, stooping, lifting, and high concentration jobs. Results indicated that LBP was primarily associated with standing and walking. Conversely, several previous studies on associations of standing posture and walking with LBPs found insignificant correlations (Engels et al., 1996; Harkness et al., 2003; Yip, 2004) . However, Pope et al. (2002) explained that muscular activity is required to maintain equilibrium when shifting the center of gravity of the trunk, head, and upper extremities, as in walking. Moreover, our findings showed that age group was an effect modifier of the association of standing and walking with LBP. The adjusted OR values for groups of workers whose age was less than 35 or was 35 years or greater, were 4.9 and 1.7, respectively. From our analyses, workers less than 35 year of age were more likely to be at risk of LBP due to standing or walking (71 vs. 26%) than the older group. This finding may seem counter to the general finding of increased LBP for older workers. The primary reason for this result is that the occurrence of LBP for older workers in tasks not involving standing or walking was generally higher (59%) and was substantial relative to the number of older workers experiencing LBP when required to stand or walk (76%). With respect to explaining increased reporting of LBP among the younger workers, Althoff et al. (1992) demonstrated that the soft tissues around the spine were significantly deformed in young versus older people after prolonged standing or walking. Therefore, it is possible that the difference in the rate of LBP for young workers who worked in a standing posture or while walking versus that of those who did not was much greater than the difference in the rate of LBP for the aged group in work with and without standing and walking.
Furthermore, the present study revealed that stooping and lifting were potential factors in LBP. This finding conformed with those of previous studies, which found an association between stooping and lifting and the prevalence of LBP (Hoogendoorn et al., 2002; Miranda et al., 2008; van Vuuren et al., 2007) . The last work characteristic significantly associated with prevalence of LBP was high (mental) concentration in work. However, this factor was more directly associated with neck pain symptoms than with LBP. It is possible that pain experienced by workers in the neck region in cognitively demanding tasks might have carried over into ratings of LBP. Janwantanakul et al. (2009) previously found an association between jobs requiring high concentration and LBP. However, the evidence of such a relationship was not strong, and further study is needed.
CONCLUSION
From the current study we can conclude that LBP is a serious problem in fish net manufacturing that merits further measurement and control by ergonomists. The occurrence of LBP was found to be common in the textile industry, and it appears to be due to many work characteristics, including standing posture and walking while working, stooping, lifting tasks, and high mental concentration. These are physical and cognitive work factors that factories should consider in designing or modifying net assembly tasks for workers to avoid hazard exposure and injury. It would be worthwhile to use the present findings as a basis for further experimental investigation of job design factors in biomechanical loading on the fish net manufacturing workers with the objective of identifying high priority risks and formulating appropriate engineering, administrative, or personal protective control measures to prevent LBP in the textile industry or other industries.
Some work factors investigated in this study for a relation with LBP did not reach statistical significance. Given the number of surveys distributed, it is considered unlikely that the actual sample size was insufficient for sensitivity of analysis but that there was substantial variability in responses of workers to some survey items. More importantly, the logistic regression analyses ultimately focused on univariate models (one work factor) predicting LBP occurrence while considering age as a mediating factor. There is a need for additional research to evaluate multiple work factors in a single model for predicting LBP, as some of the job characteristics examined in this study may interact to cause LBP for different demographic groups. In addition, the current study was a cross-sectional study, which indicated only the tendency of LBP to occur for certain workers and under certain conditions. Therefore, further longitudinal studies need to be conducted using a cohort approach to identify work factors that may have a greater influence on LBP over time in those workers who initially report pain and those who do not. It is also important to ensure in such studies that workers reporting LBP and those who do not have similar demographic characteristics to make a fair comparison of the impact of specific work factors over time.
